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)  Mechanical  design  of  microfabricatcd  devices  requires  knowledge  of  mechanical  material 


css  dependent,  and  should 
material  properties  is  under 


properties.  Thin  film  material  properties  are  sensitively  procj 
therefore  be  organized  accordingly.  A  relational  database  of 
development  as  part  of  a  general  micro-electro-mcchanical  OArD  environment.  A 
computerized  literature  search  through  the  published  values  for  Silicon  Nitride  (Si-jN^I 
properties  under  various  processing  conditions  resulted  in  the^  following  document. 
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Introduction 


There  is  a  growing  need  for  the  ability  to  perform  mechanical  analysis  of 
microelectronic  devices,  both  in  assuring  structural  reliability  against  failure  of  thin  film 
layers,  and  in  evaluating  the  effects  of  various  external  loads  including  temperature  and 
humidity  effects.  In  addition,  with  the  development  of  increasingly  sophisticated 
micromechanical  devices,  including  microsensors,  pumps,  valves,  and  micromotors,  and 
with  the  increasing  performance  demands  being  placed  on  these  devices,  notably  in  the 
precision  and  accuracy  of  microsensors,  there  is  a  critical  need  for  computer-aided-design 
(CAD)  tools  which  will  permit  rational  design  of  these  devices.  The  present  program  is 
directed  towards  creation  of  a  suitable  CAD  environment  for  micromechanical  analysis  of 
microfabricated  deformable  structures  utilized  for  measuring  the  mechanical  properties  of 
thin  films,  and  static  analysis  of  which  can  be  utilized  for  reliability  investigations. 

There  arc  two  fundamental  problems  that  confront  the  designer  [*,*•]:  (1)  the  need  to 
construct  a  three-  dimensional  solid  mode!  from  a  description  of  the  mask  set  and  process 
sequence  to  be  used  in  fabrication  of  a  micromechanical  device;  and  (2)  the  need  to  be  able 
to  predict  the  mechanical  properties  of  each  of  the  constituent  materials  in  a  device, 
including  possible  process  dependences  of  these  properties.  With  such  a  3-D  model  in 
hand,  with  appropriate  properties  for  each  material,  prediction  of  mechanical  behavior 
could  be  done  with  existing  finite-element  modeling  (FEM)  programs.  However,  at  the 
present  time,  there  is  no  CAD  system,  either  mechanical  or  microelectronic,  which 
successfully  addresses  these  problems  in  a  coherent  way.  Koppelman  [•*•]  has  developed 
a  program  called  OYSTER  which  permits  construction  of  a  3-D  polyhedral-based  solid 
model  from  a  mask  set  and  primitive  process  description,  but  as  yet,  there  is  no  provision 
for  linking  to  FEM  tools  or  to  standardly  used  layout  and  process  modeling  tools,  and  no 
database  for  prediction  of  mechanical  properties  from  the  process  sequence. 


An  architecture  for  a  micro-electro-mechanical  CAD  system  in  which  these  two 
critical  problem  areas  can  be  the  focus  of  simultaneous  and  parallel  development  work  is 
presented  in  Fig.  1.  The  basic  idea  is  to  provide  three  different  levels  of  user  interaction: 
(1)  at  the  conventional  microelectronic  level,  with  access  to  mask  layout  and  process 
specification;  (2)  at  the  mechanical  CAD  level,  for  direct  construction  of  3-D  solid  models 
which  can  then  be  analyzed  with  FEM;  and  (3)  at  the  mechanical-property  database  level, 
for  entry  of  mechanical  property  data  as  it  is  acquired  and  documented.  There  are  then  two 
specific  development  tasks:  (1)  development  of  a  3-D  solid  modeling  tool,  which  we  call 
the  "structure  simulator",  and  which  takes  mask  layout  data  and  a  realistic  process 
description  and  builds  a  3-D  solid  model  in  a  format  compatible  with  the  mechanical  CAD 
system  (an  extension  of  what  OYSTER  now  does);  and  (2)  the  development  of  a 
mechanical  property  database  using  iterative  measurements  on  deformable 
micromechanical  structures  (such  as  diaphragms,  beams,  and  resonant  structures)  together 
with  careful  FEM  studies  of  the  dependence  of  their  behavior  on  mechanical  properties. 

We  have  implemented  this  architecture  in  a  Sun  4  host,  drawing  on  existing  codes 
wherever  possible.  The  primary  interface  for  mechanical  modeling  is  through  PATRAN, 
a  mechanical  CAD  package  which  provides  for  manual  construction  of  3-D  solid  models, 
graphical  display,  and  interfacing  with  FEM  packages  (we  are  using  ABAQUS).  The  3-D 
solid  model  resides  in  the  PATRAN  Neutral  File,  and  we  have  elected  to  use  the  material- 
property  format  of  the  Neutral  File  as  a  first  version  of  the  Mechanical  Property  Database. 
Layout  is  provided  through  KIC,  and  process  description  through  the  process-flow 
representation  (PFR)  is  created  with  a  standard  text  editor.  SUPREM  HI  and  SAMPLE 
are  installed  to  provide  depth  and  cross-scctional  modeling  capabilities.  The  structure 
simulator  (under  development)  will  accept  KIC  and  PFR  files  as  input,  draw  on  SUPREM 


Ill  and  SAMPLE  as  needed,  and  will  output  a  3-D  solid  model  in  the  format  of  the 
PATRAN  Neutral  File.  PATRAN  will  then  be  able  to  pick  up  the  model,  provide  for 
FEM  analysis  and  graphical  display  of  behavior.  The  present  status  is  that  all  of  the 
commercially  available  codes  (solid  boxes  in  Fig.  1)  are  installed  and  operating.  The  first 
entries  into  the  Mechanical  Property  Database  have  been  made  for  silicon  dioxide  and 
silicon  nitride  as  a  result  of  the  literature  review  enclosed 

This  document  is  the  result  of  a  computerized  literature  search  (done  at  MIT  CLSS)  to 
locate  published  mechanical  property  data  for  silicon  nitride,  Si3N4.  Investigating  some 
100-r  references,  a  group  of  36  was  selected  and  the  mechanical  properties  of  Si3N4  were 
extracted  under  different  chemical  vapor  depositions  (CVD)  and  sputter  depositions.  The 
cited  values  are  arranged  by  different  mecnanical  property  headings,  and  then  by  the 
deposition  method  as  subheadings.  The  boldface  values  indicate  results  of  experimental 
measurements  (from  references),  and  the  italic  values  correspond  to  when  a  reference  cites 
results  from  other  references  without  measurements,  or  when  no  reference  experiment  was 
indicated  to  support  the  cited  values.  Most  values  were  traced  to  their  original 
measurement  (experiment)  when  possible.  Averages  of  tie  cited  properties  have  been 
implemented  in  our  mechanical  properties  database. 
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Gas  Flow  -  Density  Relationships 
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Fig.  1:  Gas  flow  vs.  film  density. 

Conditions:  Gases:  Ar,  NTH,  and  SiH4; 

SiH4  concentration  =  1.7  %;  SiH4/NH}  ■  0.71; 
T  =  275  C;  P  =  117  Pa;  R.F.  Power  =  250  W 
Taken  from  Smha  [31] 
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Fig.  2:  Density  vs.  SiHt/NH*  and  S1H4  concentraiic;'.. 

CcrJiuiini  Gates'  At,  NH3  and  SiH4; 

SfH,,  concentration  »  1.7  4t,  SiH4/NH3  «  0.71; 

T  «  275  C,  P  •  127  P*;  R  F  Power  «  250  W 
Taken  from  Smhr.  j31) 


Fig.  3:  Efftx  1  NH3/S1H4  upon  density, 
CflailiWJU: 

A:  ♦N;i  »  90  seen;;  61^3  “  30  tteem; 

R  f.  power  «  1  kW;  P  *  33  Pa;  T  *  200  C 


NH3/S1H4 


Ft*.  4:  Effect  of  upon  density. 


CfiB&yOM  C»»*s  Nj.  WM,  nod  SiH«. 

♦urj,,  »  30  norm.  R.F  |»w«sr  *  1  kW;  P  «■  33  Pa 

A.  T  -  25  C 
1  :  T  -  iCO  C 
e  T  »  200  c 
5>  T  *>  2.50  C 
T*fi«  firen,  Taasi**’  ' VI! 


3.  aNH3  «  50  seem;  R.F  power  *>  1  IcW. 

P  -  33  ft:  T  *  200  C 

C.  dAt  *  90  aeon;  *  50  teem; 

R.F.  power  *>  1  s.W;  P  ■  33  Pa,  T  ■  200  C 

Taken  from  Tastier  [3?J 
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Composition  Si/N 


Fig.  5:  £ffecg  of  Si/N  compaction  upon  density . 

Cflfldi tiara:  Ower  N.  «d  5iH,H 

P.F  power  *.  O.MW/on1;  P  «■  167  Pa 

I  »  270  C 

Taken  from  ZJcou  >361 
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R.F.  frequency  -  Density  Relationships 
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Fig.  6:  Relationship  between  R.F.  frequency 
and  density. 

P  *  130  Pa;  T  =  300  C;  R.F.  power  «  50  W; 
<DSiH4=100  seem;  ^;.=7G0  seem;  $^3=700  seem. 
Taken  from  Claassen  [S] . 
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R.F.  Power  -  Density  Relationships 
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Fig.  7:  Effect  of  R.F.  power  upon  density. 
Reacting  gases  SiH4.  NH3  and  Aj;  T  =  275  C; 

SiH4  cone.  =  1.78  %;  *  0.79 

Gas  Row  =  2320  seem;  R.F.  Power  =  300  W; 
P*  127  Pa 

Taken  from  Sinha  [31]. 
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Pressure  -  Density  Relationships 
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Fig.  8:  Efeet  of  increased  pressure  upon  density. 
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QsaMsm:  Gam:  N2,  NHj  and  SiH4:  $K2  *  300  scan; 

®KH3  “  5100  *ccm;  dsjH4  *  100  seem;  R.F.  frequency  *  310  kHz; 
R.F.  power  =  50  W;  T  =  300  C 
Takes*  from  Ckussen  [5] 


Fig  9:  Relation  between  gas  pressures  and  density. 

Canilitiasu:  Gases:  Ar,  NH3  tinl  SiH4; 

Si.H4  concentration  =  1.78  %:  SiH4/NH3  *  0.71; 

0  -2320  seem;  T  «  275  C;  R.F.  Power  »  250  W 
Taken  from  5  inha  [31] 
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Fig.  10;  Relation  between  pressure  and  density. 

Carndiiions:  Ones  N2.  NH3  wid  SLH4 

*NH3*N2  "  5400  *ccm;  ♦*«»  -  100  ttxm- 
R.F.  frequency  »  310  kHz;R.F.  power  »  50  W; 

P  -  65  Pa;  I  »  300  C 
Taken  from  Clausen  [5J 
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Temperature  -  Density  Relationships 
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Fig.  11:  Density  as  a  function  of  temperature. 

Conditions:  Gases:  N2,  NH3  and  SiH„;  $N2  *  200  seem; 
0^,3  =  1200  seem;  <5SiH4  -  10<)  seem; 

R.F.  frequency  =  310  kHz;  R.F.  power  *  50  V/; 

P  130  Pa 

Taken  from  Claassen  [5] 
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Fig.  12:  Effect  of  substrate  temperature  upon  density. 

C and  ill  on*:  Gases:  Ar„  NHS  «»d  StH4; 

SiH^  concentration  «  1.7  %,  SiH4/NHj  «  0.7!; 

P  -  127  P*.;  R.F.  Power  *  250  W 
T»’fc',rn  from  Sinha  [311 
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Density 

Density  Values 

2 .55  (g/cm3)  [19] 

CK.ull.UPJU'  Plasm*  Technology  Model  80  Reactor. 

Taken  from  Kember  [19} 

3.02  -  3/21  (g/cm3)  [8j 

Conditions:  Gases:  H2,  NH,  and  SiH4;  «  4  lit/srs/mm.; 
SiH4/NH,  *  1  to  20  -  40;  T  =  750  -  1100  C 
Taker,  front  Doo  [8] 


2.7  +/.  0.10  (g/cm3)  [7] 


Cqnditiqps:  Gases:  N2,  NH3  and  SiH4  (2%);  0N-?  =  1375  cm3/min; 
0NH3  ~  6  cm3/ntm;  0SiH4  =  35  cin3/mtn;  R.F.  Power  «  400  W; 


R.F.  Frequency  «  50  kHz;  P  =  33.3  P»;  T  *  325  C 
Taken  from  Dharmcdhikari  [7] 


2,5  +/-  0.10  (g/cm3)  [7] 

Conditions:  Gases:  N2.  NHj  and  SiH4  (100%);  *  1000  enr3/min; 

^NH3  "  400  cm3/min;  $siH4  *  150  cnt3/min;  R.F.  Power  «  400  W; 
R.F  Frequency  -  50  kHz;  P  -  26.7  Pa;  T  *  325  C 
Taken  from  Dharmadhikari  (7] 
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Various  Depositions 


Density  Values 


Table  1:  Typical  density  values  for  vanous  depositions  as  reported  by  Morosanu  in  Ws  review  of  the 
literature.  [26] 
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t'vn  SiCi.  -  mi  . 


C'VD.  SiH4  *  NOT 
CM).  SiH.CK-  Ml, 
RfGD  SiH4  1  Ml . 

R  V G D.  SiH4  - 
I.PCVD.  SiH4  *  Ml. 

L  PfVD  SiH;(  .  -  Ml 
Direct  r  (  vputtcrini: 
Reactive  r  I  vputlennp 
CVD.  Si, O  S. 


?  1  I 


1  ; 


:s  ) 

:  i  n 


8 


Density 


Sputtering 

2.8  -  3.0  (g/cm3)  [26]. 

Conditions:  The  deposition  conditions  ue  not  e!ebor»;ed  upon. 
Ttken  from  Morosfnu  [26] 


Bulk  Material 

3.2  (g/cm3)  [23], 


9 


Elastic  Stiffness 


C.V.l). 

Thermal  Expansion  Coefficient  *  Elastic  Modulus  Relationships 


1  2  3 

a  (1/C) 


Fig.  1:  Elastic  stiffness  as  a  function  of  thermal  expansion  coefficient 
for  quartz  and  silicon  substrates. 

Conditions:  Nitron  Reactor  »t  800  C. 

TaJcen  from  Reta»jczyk  |29J 


Elastic  Stiffness  (Biaxial  Modulus) 


C .  V .  D . 


Elastic  Stiffness  Values 


3.7  x  1012  (dyn/cm2)  129]. 


Conditions:  Nitiox  Reactor;  T  =  800  C,  thickness  *  2000  angstroms  [29] 


A.P.C.V.D. 


Elastic  Stiffness  Values 


1.5  x  10*2  (dyn/cm^)  [27]. 

Conditions:  Gases:  SiH4,  NH3  and  Ar,  S1H4/NH3  *  0.2; 

Net  gas  flow  is  constant;  P  =  133  Pa; 
T  «  700  -  800  C  [27] 


P.E.C.V.D. 


Elastic  Stiffness  Values 


3  x  1012  (dyn/cm2)  [14]. 


Conditions:  Gases;  S1H4.  NH3  and  N2;  1%  SiH4  in  N2; 

NH3/S1H4  >  10;  T  »  700  1000  C  [14] 


I! 


Fracture 


F.E.C.V.l). 

Annealing  -  Fracture  Relationships 

Doo  (8]  found  that  cracks  occur  in  films  thicker  than  one  micron  that  have  been 
annealed. 


Conditions:  Cases:  H2,  NH3  and  SLH4,  0S.|2  *=  *t  litcrs/mLn; 
S1H4/NH3  *  1  ai  20  -  40;  T  m  750  -  1100; 

Annealed  for  15  minuter  at  1200  C 
Taken  from  Doo  [8] 


( 


Isornae  [16]  found  the  following  relationship  for  the  force  required  to  initiate 
fracture  in  annealed  films. 

Ff  =  10.5  exp(QAT) 

T  =  annealing  temperature;  600  <  T  <  1200  C 
Q  =  0.25  eV 


Conditions:  Gases:N2.  NH3  and  S LH 4 ; 
S.ri4/NH3  =  0.007;  T  =  950; 

Taken  from  Isomae  (16) 


Fracture 


P.E.C.V.D. 


Crack  Resistance 


Kember  [  19]  observed  a  crack  resistance  of  less  than  500  C  in  nitride  thin  films. 


:  Plasma  Technology  Model  PDSU  Reactor 


Taken  from  Kember  [19] 


Fracture 


P.E.C.Y.D, 


Density  -  Fracture  Relationships 

Sinha  [31]  observed  brittle  behavior  in  films  with  low  densities. 

Conditions:  Gases:  As,  NHj  and  SiH4;SiH<  cone.  --  1.7%; 
SiH4/NH3  =  0.71;  $  =  2320  »ecm.  P  =  127  Pa;  T  =  2.75  C 
Taken  from  Sinha  [31] 


Fracture 


P.E.C.VD, 

Thickness  -  Fracture  Relationships 

Tamura  [32]  observed  cracking  in  films  with  thicknesses  over  one  half  micron. 

Conditions:  Gwes:  N2.  NH3  snd  SiH4;  $NH3  *  1000  cc/min; 

T  =  940  C; 

T»ken  from  Timur*  [32] 


IS 


Poisson's  Ratio 


Sputtering 


Poisson's  Ratio  Values 


0.25  [25}. 


G**es:  H;>,  Nj  *wi  Ar;  Si/N  *  0.75  -  7; 
Power  density  «*  3.20  W/tvn^  [25) 


Bulk  Material 


Poisson's  Ratio  Values 


Refractive  Index 


L.P.C,  V.D, 

Gas  Flow  -  Refractive  Index  Relationships 


£22 

T3 

C 

2  .1 
o< 

> 

t-2.0 

nj  i 

W. 

cr 5 


8  3*10  4  Torr 
Power  :1 50  W 
Nj  IS  seem  / 

O 


3  6  9  ’2 

5iH/  Flow  Rale  (seem) 


Fig.  1:  The  e fleet  of  increased  S.H4  flow  rate  upon  retractive  index.  (L.P.C.V.D.) 

Oilmans  Case*:  SiH4  »x>d  N2; Oyj  «  15  *«cm; 

R.F.  power  *  150  W;P*  J.»*  P* 

Taken  from  Hitao  113] 
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Refractive  Index 


v.i>. 

Residua!  Stress  -  Refractive  Index  Relationships 


2.6 


l  24 

tj 

c 

2.2 

> 

1  20 

CE 


0  20  40  60 

Residual  Stress  (108  dyn/cm2) 


Fig.  2:  Relation  between  residual  stress(t£nsilc)  and  Refractive  Index. 

Conditions:  Gases:  MH3  *nd  SiH2Cl2;  P  »  66.75  Pa; 

T  *  750,  and  850  C 
Taken  horn  Stkimoto  [30 j 
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Refractive  Index 


Power  -  Refractive  Index  Relationships 


Microwave  Power  (W) 


Fig.  3:  Effect  of  R.F.  power  on  Refractive  index. 


Gier.es:  3iH4  and  Nj;  <J>K2 


fi)S;H4  -  6  seem:  P  -  0.12  Pa 
Taken  from  Hiiao  [13] 


15  seem; 


L.PX.V.D. 


'Refractive  Index 


Pressure  *  Refractive  Index  Relationships 


0013  0.13  1.3 

Gas  Pressure  (Pal 


Fig  a  Effect  of  gas  pressure  upon  Refractive  index. 

f.ondiusns:  Gases:  S1H4  and  Nj;  oN2  *  15  seem; 
C’SiHa  «  ft  teem;  R.F  power  =  150  W 
Taken  from  Hirao  (13] 


L.P.C.V.D. 


Refractive  Index  Values 


1.99  +/■  0.02  [28]. 

Conditions:  Gases:  Nl^and  SiH^C^:  9siH2CI2  ~  15  seem; 
T  =  770  C  (28] 
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A.P.C.V.D. 


Refractive  Index 

Refractive  Index  Values 


1.95  -  1.96  [27], 

Conditions:  Gases:  As,  NHjand  SiH4;  SiH4/NH3  =  0.2; 
Net  gas  flow  is  constant;  P  =  133  Pa;  T  =  650  -  850  C  [28] 


1.98  -  1.99  [27], 

Conditions'  Gases:  Ar,  NHjand  SiH4;  =  0.2; 

Net  gas  flow  is  constant;  P  =  133  Pa;  T  c  650  -  850  C; 
Annealed  at  1000  C  [28] 


Refractive  Index 


P.E.C.V.D. 

Annealing  -  Refractive  Index  Relationships 


X 

IU 

2-H 

0 

Z 

2.4  F 

UJ 

2.3  • 

> 

>— 

2  2  ■ 

u 

< 

2.1  - 

(X 

u. 

Q 

N 

UJ 

1.9  f 

cr 

4  5  6  7  6  9*  10  H  12  13  vTls 
NH3/S1H4  FLOW  RATIO 


Fig.  5:  Hie  effect  of  annealing  upon  refractive  index. 

Conditions:  Gases:  NH3  and  StH4;  R.F.  frequency  =  400  kHz; 
R.F.  power  =  26  -  100  W;  P  =  267  Pa;  T  =  200.  380  C 
Taken  from  lshii  115) 
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P.E.C.V.D. 


Refractive  Index 

Gas  Flow  -  Refractive  Index  Relationships 
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Fig.  6:  The  effect  of  SiH4  flow  on  refractive  index. 

Conditions:  Guest  N2  NH3  and  S1H4:  R.F.  frequency  «  13.56  MHz; 
R.F  power  «  300  -  500  W;  P  *  267  -  668  Pa.  T  *  260  -  400  C 
Taken  from  Chang  13). 


Fig.  7:  Depp.ndance  of  refractive  index  upon  NHj/SiR*  flow  tatio 

Lniuluuiaj,:  Gaaes:  NH3  and  SiH4;  R.F.  frequency  .  400  UHI* 

R.F.  power  «  26  -  100  W,  p  *  267  Pa;  T  -  200,  380  C 
Taken  from  Uhii  [15) 


Fig  8.  Refractive  index  as  a  function  of  nitrogen  flow, 

IctlS  Cases  N^,  NH3  and  SiH4;  4^^  i  *  40  seem; 

*SiM4  *'  30  *’*m;  R.F.  power  *  !00  W;  P  »  267  pa;  7  -  300  C 
Taken  from  K.hanq  [20] 
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P.E.C.V.D. 


Refractive  Index 


Gas  Flow 


Refractive  Index  Relationships 


1  -  T  =  200  C 

2  -  T  =  250  C 

3  -  Is  300  C 

4  -  T  =  350  C 


Fig.  9:  Refractive  Index  vs.  N2O  flow. 


ri 

-h_E 


3  2  0-4  I  2  4  10 

SiM4  flow  (SCCM) 

Fig.  10:  Refractive  index  as  a  function  of  SiH4  flow  rate. 


Conditions:  N2,  N20  and  NH3;  0Sij.l4  (in  N2)  =  2950  cm-* /min; 
R.F.  frequency  =  380  kHz;  R.F.  power  -  700  W;  P  -  48  Fa 
Taken  from  KLnolle  [21] 


Conditions:  Gases:  N-*  and  SiH4;  =  30  teem; 

R.F.  frequency  =  13.56  MHz.;  R.F.  power  =  0.64  W/cmJ; 
P  =  53.3  Pa;  T  =  270  C 
Taken  from  Zhou  [36] 
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Figure  1 1  Refractive  index  as  a  function  of  gas  ra<io. 

Conditions:  Gates:  Nj.  NH,.  and  SiH4.  R.F.  Fraqiiwcy  m  13.56  MHz, 

R  F.  power  “  100  W,  P  *  267  Pa;  T  «  300  C 
Taken  from  Khtliq  [20] 
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Refractive  Index 


P.E.C.V.D. 

Gas  Flow  -  Refractive  Index  Relationships 


Table  1:  Refractive  index  as  a  function  of  N20  flow  and  Temperature 


NiO  How  (cm3/min) 

Temp.  (C) 

Refractive  index 

0 

200 

2.01 

10 

200 

1.94 

30 

200 

1.85 

60 

200 

1.77 

90 

200 

1.70 

0 

250 

2.06 

10 

250 

1.98 

30 

250 

1.85 

60 

250 

1.75 

90 

250 

1.68 

0 

300 

2.15 

10 

300 

2.05 

30 

300 

1.89 

60 

300 

1.78 

0 

350 

2.27 

10 

350 

1.97 

20 

350 

1.81 

Conditions:  N2.  N2G  *nd  NH3;  *SiK4  (in  N2)  “  2950  cw’/m,"; 
R  F  frequency  *  380  kFfr;  R  F,  power  *=  700  W,  P  «  48  P» 
Taken  from  Knolie  (21| 
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Reductive  Index 


Refractive  Index 


P.E.C.V.D. 


Gas  Ratio  -  Refractive  Index  Relationships 


1  -  T  =  200  C 

2  •  T  =  250  C 

3  -  T  =  300  C 

4  -  T  =  350  C 


1  -  T  =  200  C 

2  -  T  =  250  C 

3  -  T  *  300  C 

4  -  T  =  350  C 


-  CODES'  t  •  CM, 


Figure  12:  Refractive  index  as  a  function  of  Si-N/N-H  rauo. 

Conditions:  N2.  N20  and  NH3;  05^4  jq2)  =  2950  cni3/mm: 
R  F  frequency  =  380  kHz,  R.F  power  =  700  W;  P  =  48  Pa 
Taken  from  Rnolle  [21] 


Fig.  13:  Refractive  index  vs.  Si-H  content. 

Conditions:  N2,  N20  and  NHj;  J.J4  fq2)  "  2950  cm,3/min: 
R.F.  frequency  =  380  kHz;  R.F.  power  =  700  W;  P  •=  48  Pa 
Taken  from  Knolle  [21] 
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cig.  14:  Refractive  index  vs.  SiH2CI2/NH3  rauo. 

Cfiftditipm.  Gases  NH,  and  SiH,CU;  P  -  <*-75  p* 

T  «  750,  800  and  850  C 
Taken  fnii-i  Sekimoio  [3**1 


Fig  15:  Effect  of  gas  composition  on  Refractive  index. 

Coadmfifli:  H,.  N2  and  SiH4;  ♦sdH  (in  N'2)  “  2950  an3 /min; 
R  F.  frequency  «  13.56  MHx;R.F.  power  density  »  0.8  W/cm*; 
p  .  400  933  Pa.  T  -  300  C 
Taken  from  Watamalw  [35] 


Refractive  Index 


P.E.C.V.D. 

Gas  Ratio  -  Refractive  Index  Relationships 


"•r 


#o*0  «AllO 


Fig.  16:  Refractive  index  as  a  function  of  Si-N/N-H  bond  ratio 

Conditions:  Plasma  Technology  Mode)  PD80  Reactor 
Taken  from  Kemtur  |19) 


Refractive  Index 


Refractive  Index  Relationship 


o  1 - 1 - *- 

0  50  100 

R V  POWER  (W) 


Fig  17:  Eflcci  of  R.F  power  on  Refracuve  index. 

Conditions-  Gases  NHj  and  SiK4.  R.F  frequency  *  400  kHz; 
R  r  power  *  2ft  100  W;  ?  *  267  Pa;  T  -  200.  380  C 
Taken  from  Ishn  (lftj 


REFRACTIVE 


p.e.c.v.d. 


Refractive  Index 


Position  -  Refractive  Index  Relationships 


•20  -50  0  JO  20 

edge  center  edge 

POSITION  (mm) 


Fag.  18:  Refractive  index  as  a  function  of  position 
across  a  5  cm  wafer. 

Conditions  Gases:  NHj  md  SiH4;  R.F.  frequency  «  400  kHi; 
R.F.  power  -  26  -  100  W;  P  =  26"»  P»;  T  a  200.  380  C 
Ttken  ftom  Ishii  (15] 
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Refractive  Index 


P.E.C.V.D. 

Pressure  -  Refractive  Index  Relationships 


< 

c: 


! _ : _ _ _ : - J 

0  2  7  5,4  8.1  10.8  13.5 
Pressure  (xlO-  Pa) 


Fig.  19'.  Effect  of  gas  pressure  upon  Refractive  index. 


Conditions  H2,  N2  *nd  SiH4;  0$,H4  in  N2)  *  ~950  al,3/!Tun; 
R.f .  frequency  *  13,56  MHz;R.F.  power  density  =  0.8  W/cm-; 


m 


:oo  c 

from  Weisnsbe  (35) 


Kc>.  ^0:  Relationship  between  gas  pressure  and  Refractive  index. 

£pnditiore:  Gases:  N2  *nd  SiH,;  <iN2  *  30  scon; 

seem;  R.F.  frequency  -  13.56  MHz, 

R.F.  power  <®  0.64  \V/cm;;  T  *  270  C 
T*k.«n  from  Zhou  (36) 


Fig.  21:  Relationship  between  NH  *  gas  pressure  and  Refractive 

CfiOdiUODi:  Gases:  Nj.  NH,  and  SiH4;  RE.  Frequency  -  310  KHz; 

P  *  65  P»,  T  -  300  C 
Tt.xwi  from  Cl  mu  sen  1 5) 


Refractive  index 


Refractive  Index 


P.E.C.V.D. 

Temperature  -  Refractive  Index  Relationships 


Fig.  22:  Relationship  between  \trrp;mmc  and  Refractive  index. 

Condition?:  Gases:  N2  NHe  and  5:Hd;  KHj/SiH,  1000 
Taken  from  Hezel  [12] 
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Fig,  2i.  Refractive  uidex  as  a  function  of  deposition  temperature . 

Conditions:  N2,  NjC  -nd  NH  j;  $SiH4  rin  N2)  “  2950  cm3/min; 
R.F.  frequency  *  380  kHz;  R  F.  pc  ver  «  700  W,  P  »  48  Pa 
Taken  "om  Knolie  [21! 
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Refractive  Index 


P.E.C.V.D. 


Refractive  Index  Values 


Table  2:  Refractive  index  as  a  function  of  deposition  characteristics.  [IB] 
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Refractive  Index 


Refractive  Index 


P.E.C.V.D. 

Refractive  Index  Values 

2.0  -  2,06  [8]. 

Conditions.  Case?:  Mn.  NT13  and  SiH^i  ^  liters/min, 

5iH4/NHj  =  1  to  20  -  40;  T  =  750  -  1100 
Taken  from  Doo  i<?j 


2.0  5  119]. 

Cpn^iitions:  Plasma  Technologies  Model  PD80  Reactor 
Taken  from  Kember  [19] 


1.95  +/-  0.028  [7], 

Conditions:  Gese*:  N2.  NH,  end  SlH„  (2%);  *S2  =  1375  «n5/min; 
0NH3  «  6  cm3/n<in;  0SiH4  =  35  cm3/min;R.F.  power  =  400  W; 

R.F.  frequency  -■  50  kJHz;  P  =  7.6 J  Pa;  T  =  325  C 
Taken  from  DharmaJlukan  [7] 


2.03  +/-  0.030  [7 j. 

Conditions:  Gases:  N.^,  NHj  and  5iH4  (100%);  0jj2  *  1000  cnvVinin; 
0NT3  «  400  cm’ /min;  <Ss,K<1  *  150  cm3/inin;R.F.  power  »  400  W; 
R.F.  frequency  *  50  kHz;  P  -  26.7  Pa;  T  «  325  C 
Taken  from  Dharmadhikari  [7) 


Refractive  Index 


Various  Depositions 

Refractive  Xndex  Values 


Table  3:  Typical  refractive  index  values  as  reported  by  Morosanu  in  a  review  of  other 
literature.  [26] 


Preparui  ion  mfhoj 

Ref  rut  Ji < 

mtlv.x 

O  Q.SiH,-*-  Ml , 

1 9 2 6 

CVD.  SiCI4  NH  j 

20  -:s 

Cv  D.  SiH4  -*■  N;H, 

2  0  2  1 

CVD  SiHX'lj  NH, 

19  2  1 

RFCD  SiH4  -f  NH  , 

1  9  2  h 

RFGD  SiH4  +  V 

2  * 

LPCVD.  SiH4  »  NH  , 

!  98  2  Oh 

LPO  D.  SiH.CI;  *  NH, 

2  00 

Direci  i  f  sputtering 

1.9  2  08 

Rearuvc  r  f  sputtering 

2-2.1 

CVD  Si.O.N, 

1  44- 2  03 

•P.C.V.D. 


Residual  Stress 


Gas  Ratio  -  Residual  Stress  Relationships 


/  NH^  Ratio 


Fig  1:  Residual  stress  vs.  S1H2CI2/NH3  ratio. 

Conditions  Gases:  NHj  and  SiH2Cl2;  P  »  66.75  t'a; 
T  =  750.  800  and  850  C 
Taken  from  Sekimoto  [30] 


1  3  - 


NNjfStMjOj 


Fig.  2:  Residual  stress  vs  NH$/SiH2Cl2  nrno. 

Oil&cs.  iivd  SiH^Ci2?  ^SiH2C12  m  ^  icon 
Taken  from  Pan  [28] 
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Residual  Stress 
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Residua!  Stress  Values 


Table  1:  Residual  stress  and  change  in  residual  stress  as  a  function  of  deposition  conditions.  [9] 
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Cpnditicmi:  Ouo:  Nj,  NH}  and  SiH4;  T  »  850  C 
Taken  from  Dnsn  19) 
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Fig.  3:  Residual  stress  vs.  annealing  temperature. 


Condition?:  Gases:  N2.  NH3  and  SiH*; 
T  *  940  C 

Taken  from  Tamura  132] 


38 


Gas  Flow  -  Residual  Stress  Relationships 


to  100  300  1000 
(cc/Tnin ) 


FLOW  RATE  OF  NH3 


Fig.  4:  Effect  of  NH3  flow  upon  residual  stress. 


Cofic'itior.s:  Gases:  N2,  NH3  ami  SiH4; 
T  =  940  C 

Taken  from  Yr  lura  [32] 


C.V.D. 


Residual  Stress 


Temperature  -  Residua?  Stress  Relationships 


0  200  400  600  800 


TEMPERATURE  fC) 

Fig.  5:  Residua!  stress  vs.  temperature  at  measurement  for  increasing  (up) 
and  decreasing  (down)  temperatures. 

Conditions:  Gases:  N.,,  NHj  and  SiH^;  0NH3  -  100*3  cc/min; 

T  =  940  C;  (100)  Si  wafer 
Taken  from  Tamura  (32) 


TEMPERATURE  (*C) 

Fig.  6:  Residual  stress  vs.  temperature  at  measurement  for  increasing  (up) 
and  decrease! g  (down)  temperatures. 

Conditions.  Gate*:  N2.  HH,  arid  SiH„,  9NH,  -  1 000  cc/min; 

T  «  940  C;  (111)  Si  water 
Taken  from  Ta/nuia  [32] 


Residual  Stress 


C.V.D. 


Temperature  -  Residua!  Stress  Relationships 


DEPOSITION  TEMPERATUREfC) 


Fig  7:  Residual  stress  vs.  deposition  icmperwurc. 

Conditions'  Gasev  N2.  HHj  and  SiH„;  $NHj  •*  1000  cc/min; 
Taken  from  Tamura  132) 


Residual  Stress 


A  P  C  V.  D 

Annealing  -  Residual  Stress  Relationships 
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Fig.  8.  The  effeci  of  annealing  upon  residual  stress. 

Conditions  Gates-  Ar,  NH3  and  SiH4;SiH4/NH3  «  0.2 
Nei  gas  flow  it  constant;  P  *  133  Pf 
Taken  from  Noskov  1 27  ] 


Residual  Stress 
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Film  Depth  -  Residual  Stress  Relationships 
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Fig.  9:  Residual  suess  as  a  function  of  depth  in  film 

Conditions:  Gases:  Ar,  NTij  and  SiH4;SiH4/NH 3  *  0.2 
Nei  gas  flow  is  constant;  P  =  132  Pa 
Taken  from  Noskov  (27) 
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Fig.  10:  Residual  stress  as  a  function  of  Him  thickness. 

renditions:  Gt.es:  Ar,  NHj  and  iiK4;Sill4/NH3  *  0  2 
Net  gas  flow  is  constant;  P  *  133  Ps 
Taken  from  Noskov  (27] 
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4.2)  x  10*0  (dyn/cir.2)  [271. 

Conditions:  Gases.  At,  NH,  and  SiH4;  SiiyNHj  «• 
Net  gas  flow  is  constant;  P  »133  P* 

Taken  from  Noskcv  [27] 
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Fig.  r :  Residual  stvess  vs.  annealing  temperature. 

Conditions:  Owes:  Nj.  N'B,,  and  SvH4;  *Krt ,  «■  1'2(X.  to cm; 
♦SiI,4  *  100  *©sm;  «  200  seem;  RJF.  fr«ju«ric>  «  310  Mfe 

P  =  130  P» 

Taken  from  Cl*s**<5is  [5| 
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Film  Thickness  -  Residual  Stress  Relationships 
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Fig.  12:  Reside1  stress  (tensile)  as  a  function  of  film  thickness. 

Cop-Mtionc-  C-ftses:  N2,  NHj  and  SiH4;  1%  SiH4  in  N2; 

NHj/SilT,  >  10;  T  -  SOC  -  1000  C 
Taken  from  Irene  [14] 
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Mr  ess 

Gas  Flow  -  Residual  Stress  Relationships 
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Fig.  13.  Residual  stress  vs.  SiH4  now  and  S1H4/NK3  ratio. 

fgiaiitipn*-  C'«m:  At,  NHj  and  SiH4;  SiH4  rone.  * 

4)  =  2320  seem;  R.F.  j.ower  ~  250  W; 

P  V,  127  Ft,  T  *  27S  C 
Taken  front  5  infra  [31] 
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Fig.  14;  Effect  of  S1H4  flow  upon  residual  stress. 

Conditions:  Gases:  N2  .  NH3  find  S»H4;  R.F,  frequency  *  1,3.56  MHz; 
R.F.  power  »  300  -500  W;  a*  ®  267  -  668  fa.  1  *  260  -  400  C 
Taken  from  Cheng  ]3] 
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Fig.  15:  Residual  stress  vs.  net  g&s  flow. 

itoditiswr  (»««*'■  6U.  NHj  and  SiH*; 

SiiyiTOj  »  0.71;  R.F.  pew  »  x50  W; 

?  «  127  p&;  T  *  275  C 
Taker.  hoot  Sial»  {3!j 


Residual  Stress 


Gas  Flow  -  Residual  firess  Relationships 


Table  2  :  Refractive  index  as  a  function  of  N2O  flow  and  Temperature. 

N2O  flow  (cm^/min)  Temp.  (C)  Compressive  residual  stress  (109  dyne/cm2) 

0  200  3.6 

10  200  3.7 

30  200  3.0 

60  200  2.0 

90  200  1.2 

0  250  3.0 

10  250  2.3 

30  250  1.6 

60  250  0.9 

00  250  1.0 

0  300  3.1 

10  300  2.3 

20  300  1 .2 

60  300  0.7 

0  350  2.1 

10  350  O.S 

20  350  0.3 


Qjlidilttms.:  N2.  N2G  and  NH3;  0siH4  t>  t:2)  “  2950  cm3 /mm; 
R.F  frequency  *  380  kHz;  R.F.  power  »  700  W,  F  -  48  P* 
Taker  from  Knolle  [21] 
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Fig.  16:  Residual  stress  vs.  NJ^/SiB^  ratio. 

Cfinditiany  Gases:  NH3  and  SiBr4;  T  =  800  C 
Taken  from  Aooa/  (1) 

Fig.  17:  Residual  stress  vs.  %N2  in  flow. 


Fig.  17:  Residual  stress  vs.  %N2  in  flow. 

Conditions:  Gases:  Ar,  N2.  NH3  and  SiH4;  SiH4  cone. 

0  =  2320  seem;  R.F.  power  =  250  W; 

P  *  127  Pa;  T  *  275  C 
Taken  from  Sinhe  [31) 
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Fig.  18:  The  effect  of  02  addition  on  residual  stress. 

Conditions:  Gases:  Ar,  NHj  02  and  SiH4;  SiH4  cone.  -  17%, 
SiH4/NH3  »  0.71;  0  *  2320  seem;  R.F.  power  »  250  W; 

P  «  127  Pa;  T  -  275  C 
Taken  from  Sinha  (31) 
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Fig.  19:  Residual  stress  vs.  partial  piessures  of  component  gases. 

CfiJOditittus:  Gases.  N2,  and  SiH4  ;  R.F.  frequency  »  50  kHz; 

P  »  40  Pa;  T  -  300  C 
Taken  from  Claus  j?t  [5] 


Residual  Stress 


P.E.C.V.D. 

Hydrogen  Content  -  Residua!!  Stress  Relationships 


Fig.  20:  Residual  stress  vf.  hydrogen  content 


CflflidilWt1*-  Gases:  NHj  and  SiH4, 


System  frequency  (Hr.)  P  (w/cxn2) 


T  (C)  Gm  flow  (seem)  V  (Pa) 

s,ii4  m3 


A 

1356  MHz 

0.04 

E 

1356  MHz 

0.38 

C 

13.56  MHz 

0.02 

D 

187.5  kHz 

0.06 

El 

50  kHz 

E2 

450  kHz 

150  W 

FI 

50  kHz 

F2 

450  kHz 

? 

? 

40 

22 

80 

56 

1? 

520 

42.7 

1400 

m 

333 

280 

333 

280 

Taken  (tom  Kamcld  fI8j 


Residua!  Stress 


P.E.C.V.D. 


Ion  Implantation  -  Residual  Stress  Relationships 
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Fig  21:  ion  implantation  induced  residual  compressive  stress. 

gpndiuaiu:  Film  A:  5%  oxygen,  T  *  ‘  50  C,  thickness  *  2300  Angstroms 

Film  B:  0%  oxygen.  T  «  *50  C.  thickness  »  20CK)  Angstroms 
Film  C.  0%  oxygen,  T  *  ]  1300  C,  vliii.kr-.esi  2000  Angstroms 
Token  from  Eemissc  [10] 
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INDEX  OF  REFRACTION 


Fig.  22:  Residual  stress  »  related  tn  refractive  index. 

t^imditions:  Okies,  NHj  and  SiH„  (1%);  ■  125  ral'min; 

mlftnin;  NHj/SiH,  *  lfO.  T  *  ?25,  910  C 
T«Jieii  from.  lrer*e  [14] 
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P.E.C.V.D. 

R.F.  Frequency  -  Residual  Stress  Relationships 


Fig.  23:  Residual  stress  as  a  function  of  R  F.  frequency. 

Conditions'  Oases:  Nr  NH,  and  SiH4  ',  0NH3  *  1200  seem: 

$S,H4  *  100  =  200  CCCTfl'  P  =  130  P* 

Taken  from  Claasscn  (6] 
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Fig.  24-  Residual  stress  '  s.  R.F.  power. 

Conditio'  Gases:  Ar,  T4 H3  02  and  SiH4;  SiH4  cone  =  1.7%; 
SiH4/NVI ,  *>  0.71;  *  *  2120  seem.  P  «  127  Pa;  T  >  275  C 
Taken  fr  mi  Siiiha  131 J 
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Fig.  25:  Residu  e  stress  a  a  function  of  R.F.  power. 

Conditions:  Gases:  N2.  NH,  and  SiH4  :  R.F.  frequency  50  kHz 
P  -  4C  Pa.  T  -  300  C 
Taken  from  Clausen  |5] 
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Fig.  26:  Residual  stress  as  a  function  of  deposition  pressure. 

Conditions:  Casts:  N2,  NH-,  and  SiH4  ;  <^93  *  '200  seem, 
0SiH4  =  100  seem;  0N;  -  200  seem;  R.F.  frequency  *  3)0  kHz 
F  =  130  Pa 

Taken  from  Claassen  [6] 
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Fig.  27:  Residual  stress  vs.  pressure. 

C.undinpni  Gases  At,  N H ,  C)2  and  SiH4,  XiH4  eonc.  ™ 
-SiH47NH,  *  0  71;  #  -  2320  actm;  'V  *  27S  C 
Taken  from  Sinha  (311 
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Fig.  28:  Residual  scess  as  a  function  of  depociuon  temperature. 
rondiuoRs:  Gases  NHj  «nd  SiBr/  SiBr4/KH,  *  1:13; 

t  *  m>  c 

Token  from  Aboaf  (11 


Fig,  29  Rendus  stress  vs.  (deposition  -  «xmt)  temperanaw. 

Qaa6:usm  o«»  N*»j  •»*  (l%!>  ♦«»  “  8l' 

*s  %{  m  ft 3  mVmin;  NK3/S*K4  «  lid,  1  *  ?*#  '* 

Token  from  Irene  ji4j 
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Fig.  30:  Residual  stress  vs.  deposition  temperature. 

Condi  linns:  Gases:  N2,  KH3  snd  SiH4  :  6NH3  «=  1200  seem, 
tJSliJ4  •  100  si  -n;  eN2  »  200  seem;  R.F.  frequency  =  310  kHz 
P  «  130  P» 

Tsken  from  Clausen  |6] 

m 


- - temper  atm* 


Fig.  3!:  Residua]  stress  vs.  deposition  temperature. 

Ccadmem-  G««*.  N2,  NHj  and  S1H4.;  R.F.  frequency  «  50  kHz; 
P  *  40  Pa; 

Taken  from  Claaaaen  [5] 
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Fig.  32:  Residual  tensile  stress  vs.  deposition  temperature. 

Conditions:  Gases:  A r,  NHj  O 2  and  SiH4;  SiH4  cone.  =  1.752; 
SiH4/NH3  »  0.71;  p  -  2320  seem.  P  =  127  Pa;  T  «  275  C 
Taken  from  Sinha  [31] 


Fig.  33:  Residual  stress  vs.  deposition  temperature  lor  differing  substrates. 

Conditions:  Ni.crax  plasma  reactor 
Taken  from  Retajczyk  (29) 
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Fig.  34:  Residual  sues?  (tensile)  vs.  deposition  temperature 

Condhcns:  C-aaes.  Nj.  NH-,  <nd  SiH4;  NHj/SiH.  •»  1000 
Taken  from  Kezel  (12) 
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Table  ?:  Residual  stress  os  a  function  of  deposition  parameters.  [18] 


Ga*  F)r»*  (icemt  tmlOg 


System 

f(H/) 

P,.-<  vs cm  :  i 

T.(cO 

P(Ti 

S,H, 

NH, 

Gsi  X  mm) 

( cl  \  r!  cm  ' 

120 

170 

-  1  63 

A 

13  50  M 

ft  04 

2mi 

0  3 

•* 

■> 

175 

-2  n 

J  HO 

ISO 

-2  47 

1(>0 

290 

1  73 

R 

\ 3  <6  M 

ft  3h 

2  SO 

0  S 

->  1 

80 

310 

S  1  K 

3“o 

320 

5  2s 

[00 

159 

0  59 

C 

\  }  M 

o  o: 

2*»S 

o  3: 

17 

120 

9< 

2  19 

320 

:  i4 

40(» 

HI 

0  ^ 

loo 

1 40 

*6  ‘4 

r 

IX’  '  k 

0  It.. 

250 

0  4< 

14ty' 

.* 

1  !2 

*12  > 

3  SO 

\  U  ) 

•  i  a  r  ~ 

» so  v- 

100 

o  6 

.HKi ; 

1130 

100 

-9  X S 

fso 

0  "1 

3  fin 

l  70*i 

H9 

12  0 

r  i 

Vi  l 

235  u 

3  ho 

1  49 

365 

2  *  >  S 

223 

.9  4  ! 

M)0 

:  o 

2SS 

291 5 

2  IK 

•6  2 

100 

0  0 

3H0 

1  130 

:r.3 

-4  M 

c: 

4<0  K 

1  so  W 

3K(» 

1  49 

StS 

2  735 

•'.i : 

■  4  9H 

soo 

2  0 

245 

2  9*4  s 

204 

•  4  34 

?r»o  ^ 

100 

700 

254 

•2  51 

2  so  \*. 

2  50 

1525 

219 

-4.12 

FI 

50  k 

MV)  sv 

3  HO 

2  1 

333 

2000 

5!  1 

•8  03 

100  W. 

6(X> 

2400 

3<?8 

•  1  17 

300  VK 

100 

700 

288 

-3  07 

f: 

■ISO  k 

3hft 

2  l 

333 

2000 

30« 

-7  ih 

200  v. 

000 

2*00 

169 

0  54 

61 


Residual  Stress 


px.c.v.d. 

Residu.^5  Stress  Values 

(0.5  -  LOS  x  JO1®  cTensilo  (dyn/cm2)  [19]. 

yp;i<j)tjpHg:  Plasma  Technology  Mod-si  I*D80  Reactor 
Taken  from  Keinbe1-  [19j 


8-5  x  10'1  <TensPe>  (iyn/cm:)  [9j. 

Conril;io':s:  Gases.  Nj,  NH3  and  5iH4;  T  =■•  700  -  900  C 
Taken  from  EVcm  (9] 


(8- II)  x  10^  cCcmprssswo  (dyn/ors2)  (?]. 

Conditions-.  Gases:  N?.  NH3  and  SiH4  (2%);  $N2  -  ls75  cui3/jnin; 

«  6  erwmin;  <»SiM4  =  35  cniViiur..  P.F.  power  -  400  W; 

R.F  frequency  «  50  kHz;  P  «  3.3 3  Pa.  T  *  225  C 
Taken  from  Diiarmadhik^ri  17] 


(7*9)  x  109  cConvpressivo  (dyn/cm2)  [7]. 


C&I&&K2&'-  Gevss.  Nj.  NHS  Mil  5K,  (J00^>);  •«  I  GOO  cmVnsiii; 

$NM3  *  400  om5/min;  $SiH4  *  J50  emViRin;  R.F.  powet  <*  400  W; 
R.F.  frequency  «•.  50  kHz;  P  a  26.7  Pa;  T  «=  525  C 
TrOu-n  fjjrr.  Phumnllaikiri  |7j 


1,2  *  <Tensilc>  (dvn/cm2)  [Ij. 

SaaMiiaiS:  s«ss«:  KHj  and  S?Br4;  SiBs^/NH^  a  0.077; 

T  *  KO'  i  c 

Token  from  Abo*f  ??] 


v*ts&as*mftk  ■ 


Sputtering 


Residual  Stress 


Composition  and  Temperature  -  Residual  Stress  Relationships 


~7 — ' 

./* 


Fig.  35.  Relationships  between  residual  stress,  Si/N  ratio  and  hydrogen  contenL 

Conditions:  Gises.  A r.  H2  end  N2:  F  F.  power  density  *  3.29  W/cnv*; 

T  =■•  175  C 

Taken  from  Msrtin  12.5] 
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Thermal  Expansion  Coefficient 


C.Y.D, 


Thermal  Expansion  Coefficient  Values 


2.5  -  3.85  x  10-*  (1/C)  [32], 


Conditions.  Gases:  N2.  NH3  end  SiH4; 
T  *  940  C 

Taken  from  Tamura  [32] 


3.85  x  10'6  (C*1)  [34], 

Conditions:  Goses:  S1H4  and  NHj;  T  *  SCO  and  1000  C  [34j 


f>4 


Thermal  Expansion  Coefficient 

.  V .  D . 

Thermal  Expansion  Coefficient  Values 
1.6  %  10'6  (C1)  [29]. 

Conditions:  Nisox  Plasma  Reactor;  T  *  800  C  [29] 


®Si3N4  “  ttSi  -  m  9  X  IQ'?  H^]- 

Conditions:  Gases:  S1H4.  NH3  and  Nj;  1%  SiH4  in  N2; 

NH3/SiH4  >  10;  T  *  700  -  1000  C  [14] 


Bulk  Material 

(2.5  -  3.1)  x  2 O'6  (C1)  [23]. 
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a 


C.V.D. 


Young's  Modulus 


Young’s  Modulus  Values 


4.0  x  1.012  (dyn/cm2)  [34]. 


Conditions:  G«ses  SiH4  «id  NHj;  T  =  800  and  1000  C  [34] 


Sputtering 


Young's  Modulus  Values 


1.3  x  1012  (dyn/cm2)  [22], 

Korhonen  [225  g*ve  no  details  on  the  nitride  processing  used. 


Bulk  Material 

(2.96  -  3.03)  x  1012  (dyn/cm2)  [23], 


66 


References 


1  ]  Aboaf,  J.A.,  "Some  Properties  of  Vapor  Deposited  Silicon  Nitride  Films  Obtained 
by  the  Reaction  of  SiBr4  and  NH3”,./.  Elecirochem.  Soc.  Vol.  !  16,  No.  12(1969):  1736 

2]  Bromley,  E.I.,  J.N.  Randall,  D.C.  Flanders  and  R.W.  Mount  :n,  "A  Technique 
for  the  Determination  of  Stress  in  Thin  Films”,  J.  Vat .  Sci.  Techno t.  B,  Vol  1,  No. 
4(1983):  1364 

3]  Chang,  Mei,  Jerry  Wong  and  David  N.K.  Wang,  "Low  Stress,  Low  Hydrogen, 
Nitride  Deposition",  Solid  Slate  Technology ,  May  (1988):  193 

4]  Chow,  Ray,  W.A.  Lanford,  Wang  Ke-Ming  and  Richard  S.  Rosier,  "Hydrogen 
Content  of  a  Variety  of  Plasma-deposited  Silicon  Nitrides",  J.  Appl.  Phys.,  Vol.  53,  No. 
8,  (1982):  5630 

5]  Claassen,  W.A.P.,  "Ion  Bombardment-Induced  Mechanical  Stress  in  Plasma- 
Enhanced  Deposited  Silicon  Nitride  and  Silicon  Oxynitride  Films",  Plasma  Chemistry  and 
Plasma  Processing  Vol.  7,  No.  1  (1987):  109 

6]  Claassen,  W.A.P.,  G.J.N.  Valkenbcrg,  M.F.C.  Willemsen  and  W.M.  v.  d. 
Wijgert,  "Influence  of  Deposition  Temperature,  Gas  Phase  Composition,  and  RF 
Frequency  on  Composition  and  Mechanical  Stress  of  Plasma  Silicon  Nitride  Layers",  J. 
Elecirochem.  Soc.,  Vol.  132,  No.  4  (1985):  893 

7]  Dharmadhikari,  Vineet  S.,  "Characterization  of  Plasma-deposited  Silicon  Nitride 
Coating  Used  for  Integrated  Circuit  Encapsulation",  Thin  Solid  Films,  Vol.  153  (1987): 
459 

8]  Doo,  V.Y.,  D.R.  Nichols  and  G.A.  Siilvcy,  "Preparation  and  Properties  of 
Pyrolytic  Silicon  Nitride",  J.  Elecirochem.  Soc.,  Vol.  113.  No.  12  (1966):  1279 

9j  Drum,  CM.  and  M.i  Rand,  "A  Low-stress  Insulating  Film  on  Silicon  by 
Chemical  Vapor  Deposition",  J.  Appl.  Phys.,  Vol.  39,  No.  9  (1968):  4  ',58 


JO]  EerNisse,  E.P.,  "Stress  in  Ion-implanted  C.V.D.  Si3N’4  films",  J.  of  Appl.  Phys., 
Vol.  48,  No.  8  (3977):  3337 

1 1  ]  Fate,  W.A.,  "High-temperature  Elastic  Moduli  of  Folycrysiallin.e  Silicon  Nitride”, 
J.  Appl.  Phys.,  Vol.  46,  No.  6  (1975):  2335 

12]  R,  Hczel  and  E.W.  Hearn,  "Mechanical  Stress  and  Electrical  Properties  of  MNGS 
Devices  as  a  Function  of  the  Nitride  Deposition  Temperature",./.  Elecirochem.  Soc.,  Vol. 
125,  No.  11  (1978):1848 

13J  Hirao,  Tak&shi,  Kent&ro  Setsunc,  Masatoshi  Kitagawa,  Takeshi  Kamada,  Kiyota 
Wasa  and  Tomio  Izumi,  "Influence  of  Deposition  Condi  ions  on  the  Properties  of  Silicon 
Nitride  Films  Prepared  by  the  ECR  Plasma  CVD  Method",  Jpn  Jml.  Appl.  Phys.  2,  Ijcu., 
Vol.  26,  No.  12(1987):  2015 

14]  Irene,  E.A  ,  "Residual  Stress  in  Silicon  Nitride  Film  s”,  Journ,  1 l  of  Electro  %ic 
Materials,  Vol.  5,  No.  3  (1976):  287 


67 


1 5]  lshii,  Yasuncbu,  Tatsuo  Aoki  and  Shima.ro  ’  iiya:  .nva,  "Silicon  Nitride  Film 
Deposited  by  Hot-wall  Plasma-enhanced  CVD  for  Ga„  vs  LSI"V  J  Vac.  Sci.  Technol.  B 
Vol.  2,  No.  1  (1984):  49 


16]  Isomae,  S.,  Y.  Tamaki.  A.  Yajima  and  M.  Maki,  "Dislocation  Generation  at  SQN4 
Film  Edges  on  Silicon  Substrates  and  Viscoelastic  Behavior  of  Si  CD  Films",  J. 
Elecirochem.  Soc.,  Vol.  126,  No.  6  (1979):  1014 


17]  Jousse,  D.,  J.  Kanicki,  D.T.  Trick  and  P.M.  Lenahan,  ’’Electron-spin-resonance 
Studv  of  Defects  in  Plasma -enhanced  Chemical  Vapor  Deposited  Silicon  Nitride",  Appl. 
Phys.  Lett.,  Vol.  52,  No.  6  (1988):  445 

18]  Terzy  Kanicki  and  Nancy  Voke,  "Chemical  and  Mechanical  Properties  of 
Hydrogenated  Amorphous  Silicon  Nitride  Films  Deposited  in  Various  PECVD  Systems", 
Mat.  Res.  Soc.  Symp.  Proc.,  Vol.  68.  (1986):  167 

19]  Kcmber,  P.N.,  S.C.  Liddell  and  P.  Blackbonow,  "Characterization  of  Plasma 
Deposited  Silicon  Nitride  as  Applied  to  Novel  MOS  Structures",  Semiconductor  Int.,  Vol. 
8,  No.  8(1985):  8 


20]  Khaiiq,  M.A.,  Q.A.  Shams,  W.D.  Brown  and  H.  A.  Naseern,  "Physical  Properties 
of  Memory  Quality  PECVD  Silicon  Nitride",  Journal  of  Electronic  Materials,  Vol.  17,  No. 
5  (1988):  355 


21]  Korhonen,  A.S.,  P.L.  Jones  and  F  H.  Cocks,  "On  the  Thermoelastic  Properties  of 
Hydrogenated  Amorphous  Silicon",  Materials  Science  and  Engineering,  Vo  j.  49  (1931): 


127 


22]  W.R.  Knolle,  J.W.  Gseribach  and  A.  Elia,  "Nitride",  Journal  of  the 
Electrochemical  Society,  Vol.  135,  No.5  (1988):  1211 


23]  Kyocera  Corporation,  Mechanical  and  Industrial  Ceramics.  1988. 

24J  Martin,  P.M.,  "Summary  Abstract:  Relationships  Between  Stress  and  Local 
Hydrogen  Bending  in  Sputtered  SiN:H  V  Vac.  Sci.  Technol.  A  2  (2)  (1984):  330 

25]  Martin,  P.M.  and  G.J.  Exarhos, "  Summary  Abstract:  Relationships  Between 
Suess,  Composition,  and  Microstructure  in  Sputtered  Silicon  Nitride",  J.  Vac.  Sci. 
Technol.  A  Vol.  3,  No.  3  (1985):  615 

26]  Morosanu,  C.E.,  'The  Preparation,  Characterization  and  Applications  of  Silicon 
Nitride  Thin  Films",  Thin  Sand  Films,  Vol.  65  (1980):  171 

27]  Nosko' ,  E.B.  Gorokhov,  G.A.  Sokolova,  E.M.  Trukhanov  and  S  I.  Stcninl  , 
’’Correlation  Between  Stress  and  Stricture  in  Chemically  Vapour  Deposited  Silicon  Nitride 
Films",  Thin  Solid  Films,  Vol.  162  (1988):  129 

28]  Pan,  Paihung  and  Wayne  Berry,  "The  Composition  and  Physical  Properties  of 
LPCVD  Silicon  Nitride  Deposited  with  Different  NHySd^Ch  Gas  Ratios",  J 
Elecirochem  Soc.,  Vol.  132,  No.  12  (1985):  3001 


68 


29]  T.F.  Retajczyck,  Jr.  and  A  K.  Sinha,  "Elastic  Stiffness  and  Thermal  Expansion 
Coefficients  of  Various  Refractory  Siliciiaes  and  Silicon  Nitride  Films",  7  hin  Solid  Films, 
Vol.  70(1980):  241 

30]  Sekimoto,  Misao,  Hideo  Yoshihara  a:id  Takashi  Ohkubo,  "Silicon  Nitride  Single- 
Layer  X-ray  Mask",  J.  Vac.  Sci.  Technol.,  Vol.  21,  No.  4  (1^82):  1017 

31]  Sinha,  A.K.,  H.J.  Levinstein,  T.E.  Smith,  G.  Quinta.  id  S.E,  Haszko, 
"Reactive  Plasma  Deposited  Si-N  Films  far  MOS-LSI  Passivation",,/.  Electror.hetr .  Soc., 
Vol.  125,  No.  4  (1978):  601 

32]  Tamura,  Masao  and  Sunarni,  Hideo,  "Generation  of  Dislocations  induced  by 
Chemical  Vapor  Deposited  813X4  Films  on  Silicon",  Japanese  Journal  of  Applied  Physics , 
Vol.  11,  No.  8  (1972):  1097 

33]  Tessier,  Yves,  J.E.  Klembcrg-Sapieha,  S.  Poulin-Dandurand  and  MR. 
Wertheimer,  "Silicon  Nitride  from  Microwave  Plasma:  Fab  icarion  and  Characterization", 
Canadian  Journal  of  Physics,  Vol.  65  (1987):  859 

34]  Tokuyama,  Takashi,  Yasuhiro  Fuji,  Yoshimitsu  Sugita  and  Seigou  Kishino, 
"Thermal  Expansion  Coefficient  of  a  Pyrolitically  Deposited  Silicon  Nitride  Film",  Japan. 
J.  Appl.  Phys.,  Vol.  6  (1967):  1252 

35 J  Watanabe,  Hideo,  Kazuhisa  Katoh  and  Shin-ichi  Imagi,  "Properties  of  Silicon 
Nuride  Films  Prepared  by  Plasma-enhanced  Chemical  Vapour  Deposition  of  SiH4-N2 
Mixtures",  Thin  Solid  Films,  Vol.  136,  (1986):77 

36]  Zhou,  Nan-Sheng,  Shizuo  Fujita  and  AJdo  Sasaki,  "Structural  and  Electrical 
Properties  of  Plasma-deposited  Silicon  Nitride  from  SiH4-N2  Gas  Mixture",  Journal  of 
Electronic  Materials,  Vol.  14,  No.  1  (1985):  55 


